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Foreword

Volume 5 of the Navy Tactical Applications Guide (NTAG) series is
devoted to regional weather analysis and forecast applications in the
northern Indian Ocean. Part 1 of Volume 5 is dedicated to operationally
important weather phenomena affecting the region surrounding and
including the Red Sea and Persian Gulf. Part 2 extends the area of
interest to the Arabian Sea and Bay of Bengal. The case study technique
of relating weather satellite imagery to concurrent conventional weather
data and analyses from the surface to the upper troposphere, along with
available numerical guidance products, is continued, focusing on the
unique weather characteristics of the Indian Ocean region.

Whereas the topics of blocking and cyclogenesis were emphasized in
previous volumes, it is the powerful monsoon influences of winter and
summer that become the dominant interest in the Indian Ocean.Duststorm generation is a subject of major interest because of its effect

on operations thoughout the northern portion of the Indian Ocean
region. The ability to detect duststorms over land areas at the time of
earliest inception in satellite data, and to forecast the areas most likely to
be influenced by the dust, is given special attention.

The Indian Ocean volumes are intended as an evolving series which
will be supplemented with additional material presently under
development. The initial material is being distributed to the fleet to
expedite access of completed work for operational use.

As with case studies developed for previous volumes, many of the
principles derived for Indian Ocean weather analysis and forecasting are
general in nature and equally applicable to similar weather events in
other areas of the world.

It is anticipated that these guides will be useful supplements to otherImaterial available for the Indian Ocean region in their emphasis on new
aspects of weather satellite interpretation for improved weather analysi.
and forecasts.

KENNI: 1I I.. VAN SICKI.FflCaptain. U.S. Navy
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Red Sea/Persian Gulf

Physiography

The Red Sea lies in the northern extension of the eastern branch of the
great Rift Valley of eastern Africa (IA-2a). It is surrounded by
mountainous terrain which rises sharply to high elevations from a
narrow coastal plain (IA-3a). The Red Sea is about 1.200 n mi long with
its greatest width (190 n mi) in the southern part where the mountains are
also the highest. The great Nubian and Arabian Deserts are located to the
west and east of the Red Sea, respectively. p

On the African side, a ridge some 20-30 n mi inland roughly parallels
the coast. The ridge is about 3,000 ft (914 m) high in the north, with a
significant gap in the north-south barrier near Tokar. South of 16' N.
the mountains bordering on the Red Sea arc about 6,000 ft (1,828 m)
high.

On the Arabian side of the Red Sea, there is a higher and broader
mountain barrier. The mountains exceed 4.500 ft (1,372 m) from the
northern end of the Red Sea to about 27' N. from there southward to
Jidda, they are mostly above 3,000 ft (914 in). South of Jidda, the
mountains are ovr 6,000 ft (1,828 mi). l he high terrain surrounding the
Red Sea forms a large channel which is called the Red Sea basin. 1his p
high bordering terrain disrupts the flow around cyclonic disturbances
crossing the region, resulting in pronounced channel flow in the Red Sea
basin. The gaps and lower portions of the surrounding barriers provide
favored areas of flow into the Red Sea basin from the deserts on either
side.
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The Persian Gulf is located to the east of the Red Sea (I A-2a). The gulf
is approximately 450 nmi long, with widths varying from 10'0 to 180 n mi.
The Persian Gulf is bounded on the south and west by the peninsula of
Arabia, and on the north and east by the Asian Continent.

Along the Arabian coast of the Persian Gulf is a vast. low-h ing desert.
Mountainous terrain (Hajar Mountains, lA-2a and 3a) is located along
the southeastern coast of Arabia, bordering on the Gjulf of Oman.
Mountains rise sharply from the sea to about 6,000 ft (1,828 m) in this
coastal region.

To the north and east of the Persian Gulf., the terrain is also
mountainous and rises sharply to the tablelands of Iran and Afghanistan.
In some places, the tablelands rise to about 3,000 ft (9 14 m) directly from
sea level, and to above 10.000 ft (3.048 m) further inland, with sonmc
perennially snow-capped mountains. Wide valleys parallel the
mountains, along with strips of low land of varying width between the
mountains and the sea.

Reference
NEPRI-. 1980: Weather in the Indian Ocean to Latitude 30'" S and Longitude 95' F

including the Red Sea and Persian Gulf. Vol. 2. Part 1. NAVENVPREDRSCHFAC
technicat Bulletin 80-02, Naval Enxironmental Prediction Research Facilit%,
Monterey. calif.. 83 pp.
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(General We 'ather Pwuerns

Norbtheast M1onsoion (1)eccerer- NtIarch)
) he northeast monsoon wastion extends fromt disturbance over the Red Sea region (see Sec. IC,

I hcciriber ilough Match. I lis~ is tie cool or cold (Case 2).
season for the Red Sea arid l'cisimi Gulf. In January.
all extension of* the winter aiicyclone over central I he upper-level westerlies penetiate progressively
.Via protritles oier Iran and into the northern Persian further equatorward with height. 'I hie 700-mb analysis
Ptl region I I A-Xa). I n addition. high pressure is also (I A-lIOb) shows the subtropical ridge near 1 3" N over

nid os\ c i I g ypt,% is ble aniiiiiv ns cied ti ouitgh d omtina tes the sotdit hn Red Sea. At 500 rub ( IA- I Wi and 250mb
thec Red Sea. as shown tin thle mean surface pressure (IA-Jib), the westerlies advance cquatorward. Jet
anid %i d floss pattern for ianuaiv over this region stream activity is quite common at upper levels, as
(I A-Sa and 8b). shown by the mean 200-mb position of the subtropical

jet (STJ) during the winter of 1955 56 (IA-12a). An
D epressions from thle Nlcditciraiiman frequently isotach maximum of over 150 kt is es idcnt over the

iios c through the Red Sea Vci sian Gjulf region, northern portion of the Arabian Peninsula. I he NMC
piodneing osercast skies, rain, squalls, and thunder- 200-mb analysis for 12 January 1980 (IA-12b) reveals
s i ins, Sand and duststornis almost always; that the STJ is near the mean positioii, while the polar
a ceompans these disturbances. Aloft, the depressions front jet (P.JS) lies to the north.

hoiw a branch of the polar jet wNhich often interacts
Aiofi the subtropical jet. Generally, the northern Arabian Pecninsula and the

Pecrsian (iulf are tinder the infltuence of a high pressure
()in those occasions %is n a large-scale blocking ridge that extends southward from the Asian anti-

pattern is established either osecr Furope or Asia, a cyclone. The NMC surface streamline analysis for 3
* lono-wave trough may extend southxsatd over the Jlanuary 1980 (JA-13b) is a typical example. On the

northern portion of the Indian Ocean. Under these 250-mb analysis ( IA-13a). the STJ is shown passing
conditions, the mid-latitude jet and related frontal ovecr the northern Red Sea and the southern Persian
sNtems %ill mose throuph the Red Sea and Persian Gjulf. Strong hori7ontal speed sheai is evrident with

* (it region and wol penet rite Acll into the central wAinds over 100 kt decreasing to 70 lit anid less south of
.\rihian Sea. the jet axis. Pronounced turbulence at upper levels is

normally associated with such shear.
'secondar,. c elogenesis freqluently forms over the

Pl'erian Gull, to thle South of the mountain ranges of Ihe presence of high pressure user the Arabian
Ir.tq and I ur key. WVith the approach andi passage ofa Peninsula results in light winds and ))early clear skies
di~t arhance. low -level i inds %isill lust be soul herlv, arid throughout the region. as shown on the l)MISP visible
theini north \,esterly. [ he strong notrthisest w,%ind esents Picture for 3 January 1980 (IA-14a1. [bhe main
o'Sd tile Persian Giulf arc krunosi as the "shamal". cloudiness over Saudi: Arabia is a band of cirrus
1c, tilne ( 1979) addresses the \)inter sliarnal in detail. associated wkith the STJ. Knowledge of the position of

thle STJ over Saudi Arabia during thle winter season
I he I )ISP I'sisible picture onl 12 Januars 1980) otters a useful clue regarding thle location of the

IA.-9a) shows the t pical cloudi ness over thle Red Sea surface anticyclone which normally lies inmmediately
dturing the northeast monsoon . Northerly low%-level south of this feature in the position as. shown on the

i''ioccurs oser the nu themi and central portions of surface analysis (I[A-I 3h. [-he transserse banding of
11w Red Sea. I is, is ani ectensmon oft the westerly flow the jet stream cirrus evident in the L)MSP picture is
hi ict the eastern Mediterranean. I hie general north- indicative of horiiontal speed shear and associated
c,it imonsooin floss from (tic Arabian Sea extends turbulence.
thi nigh the (,ulf of Adlen as easterls flows anid then

e~csthe southern Red Sea as Southerly flow. The Northerly flow in the Persian Gulf on tilecast side of
1jposiiig low%-lesel flos oft thle Red Sea merge near the surface high over the Arabian Peninsula is
is 1, 0 arid prod Lc a ( limatological cloud feature indicated on the I)MSP picture ( I A-14a) by the cloud
itci red ito ats the cons ergemice /onc clouu band line passing east oft thle Qatar Pecninsula %which .-

Ht/1. s-c sel. I C. Case I). broadens on its southward extremit\, ats cloudiness is
advected onshore southbeast of Qafai . Plotted wind

'skies arc gceral1% (icar niorth of thle (t7CB. South reports on the surface analysis (IA-I 3b) serify the
the flit, scaitemed to hroken cumulus or northerly flow condition over the gulf. I here is. also a

~iitoottiink~i~ut prcsail I hie Likk it clarity of the Nie utid-latittide disturbance observed to thle north in the
Ri I ucycst, ohsaiom ris ,fns or lia/c A less. satellite picture (I A- l4a(. Vhe diStut batice is located
i.oin, tit tie are-a tic rcP011tiv su'pt-ttded dust or oser the I aurus Mountains of 'Itutkey. \%ih cirrus

11,1/ i I A-i (. Ais n i, pi ohill', \i lspi cad oscit the streaks associated \kith the PJS (IA-I Thl sweeping
reelotioser the Caspian Sea.

I tic N M(' sufac strcamihiu aitahs ts for 12(X) Hrereiice
I~~~~~~~ ~~~ (I-fK hw Sk irlc ~wn i h i tlinaimiuti. t1. N.. 1901 tlie subtropical ic sticamofshoitsa I kitiothcl &md~th % ltr /1 Aiteor.. 18. 172 19.

not i(it the(C/(Harid ai 2S-kit ,uithncit\A iitd south nit Vv~o 1._1979:' Winter shanal ti the Persiain (,ult
it. " tfil light and %ariahlc \kw('Is tin ih (A1C t.Ihe Nf.N Vt'RI I)RSClIIAC Iechinital Report JR 79-
diplaccemcnt oil the ('/( 11 hini its notnial iiti 0h Nasal Insironmriral Prediction Research lacifit%.
pi-ition (I A-Mbf is an inditeitoii it a Nt noptic-se:nle Mvotiterec , Calif.. 180 pp
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Spring Transition: I ate P1hase (16 Ma)-I5 June)
D uring the late phase of the spring t ransitioin 10 period. Ilowever. Windl speedS to the South. rtear the

%la%5. ie. otti ttttitii041tttlin ettti coast 4)1 Si ualIia . have essen tially d oubled Ii strength
filinll)' established oC cIndio-Cina. flwsile indicating thle necar-te-rn commenincemnrt of' the
pahitin o5ct India loainls ltss olgilled anid Still souithwest mtonisoont. Ihle MON FX ?S5I-ntb flow field

* otieCt to effect, of liiii.ititjIilC 5Stti lbitting itito for 9 liune ( IA-22a1. u hien coipated to thle 17 May.
the tegion. I hie Red Sea and Persianl (itill .iteas Aso 850-mib tltiis held (IA- 8al ciphasti/e the surface
MCdi 'ubject to nelut sbuls of thle desert front Inolinig depiction of' a better organi/ed soijihikest monsonS f-

- oilthlward t hroUgh Ith tleegion. huLshed h Stf tong type flow pattern.

for e\ eral dat (seC We, I I), ( aSe 1) 1roughing at the 950)- and 500-mb levels ( IA-22a
and 23b) oier India appears to be [thc result of the

thle N \l( Stirtac stieatiiie anaIt sis lor 17 %Mdv penetration of a mfigrator\ m111d-lat1t1de ntrogh into
1, , X- I I.bI depits eaStcrl\ floits in tiltI till ot Adcn the region, and is, tesponsible tot enhainkeed choudiness

ittipl\1iig southielv tloss into tile sounthii poition itt and coittctise acts ~ito os er India, \%tuhie cannot at
-tite Red Seat. I his t. pe k t Oflot is ohaa~ei to the this stage he attributed to at inoonali Influence.

northeast monsoon and i, at del Inite idicit that thle Modificatioin o1 the thermal ii OUghs oser Pakistan
,outhiss est monsoon has, not \ ci become established and northern India hs mid latitude mtigrator\ systems

is a eharacteristic featureL (If tho prec-nionsoon period.
I lie los-pressure aica over thle \ftiiin Peninsul0a Suich modilication %kaS also eat lici noed oiser Saudi

* nppcars quite dr\, judging frm surrounditie ss eathcr Arabia as the desert 1111 rout osed Sout is ard act OSSthe
ecpolt I. Widespread observations of" dust, bosses ecr. Peninsula.

aitc reported along a northeast south\,cst oriented
band trttirtg through1 the lo"-pressure area, ats At tipper let els. .as sltossn ott the N MC 251)-mb
detined b\ the cyclonic streamline,,. I his dust,, stat analysis ( I A-23a). easterlies no"t extetnd across the
raised bs isinds associated it ith tile de.sert front is hich entire northern Indian Ocean es~cept lot a small region
p-ro:\otsl% had m oii~d into thle a rea f rom thle north. over the Red Sea and I'ertsa n (pill north of 20- N.
resl1tine In a modification ofthe theirmnal trough Ii the Suich easterly fio%% is, anl essential inigredienit of the
eI VOti southwest monsoon ih ich wasit lacking in the early

position of thle pre-mionsoon period.
he \I N F N 8511-tub flow~ field ( IA-1I X) shotss a

trol tilt in the region oft the desecrt trout. Noirth I ie (G)FS-IJian Ocean v isible picture (I A-24a)
ssm.os r thle Red SeaL and t igris Euphrates Valley reseals the distinetise clear conditions over Saudi
ii Itl thle surface iitl s os er those regions, which Arabia. Iran. Pakistan. and northern India, as is

ithiatcs the tcrndettc\ tossard strotnger lo%%-lesel normial in the region of' the thermal troughs.

l-inalli. the MONIX 851)- 70-. and 200-mb mean
On til, day ( 17 %Ma\, 1979), satellite imiagery was not Ilow fields for the period 16 3 1 May depict the fully'-
M~labhe os er the region; bosses% er. the I )MSP1 \ isible deseloped Southwest monsoon. I he 850-mb flow1 field

* licturei (IA- 19; i t tile Red Sea lPersiai ulf tegiotiis I IA-24b) shows thle anticyelone over central Satudi
,!o\ it tit to lie pt eiiius (lit\ ( 16 %la\)h. Sitreamlines and Arabia. with v"esterty flow to the north. At 700 nib
ii laice tibsen~ations Stiperiniposed on this tillage (IA-25b). thle sottthwesterll flow oser the northern
I -V'.0) reseal thle desert front location \Nhlich Arabian Sea continues to be over-run by northeasterly
~\tedS frotl) thle PerSian Gull. near Itahitin. to the winds from at domninatit high pressure cell in southern
oiutlictt Port ion of hle Red Sea. Note espectallk the Saudi Arabia. The 200-mb analysis (1.A-25a)

stiorIL niortherl, \s \Ii]-s in the Red Seathe dust rpiiits continues to show tw\o ant icyclontie cells sepa rated by a
se \aiia. aiid thle ttdjeatioti Of tltiSt osetI the trough extending into thle tnorthern Aiabian Sea. A jet

iithen tPctsiati (till( (See Set-. 11). C ase I tor at streak is located oier the northern Red Sea and
*itit'ioh thle eairl "i developmntt atid] t1n\ iiseuet of Persian (Gill.

tilt, desert frontal feature.)I

Ille tipper-i ri pisphlier ic -nd m cond~lii tis. as shi.sn
* at 2'Sit tub (I \-2 i. reveal aI et Streak ower the
* i itilieto pottiom ot tile Red Se~t Pcet ian Gutll region

I he ttiu-triposplieric %; id contditiotis. its shots ii at
~sttubI -2 b. .rcrttdcate~ trongflrortttc\tcsst

stithe Red ISea PIlstinl (jaul rcion is hilt alt anti-
,%\joIt Ilits to theC souith Iit its t'pie:il positioin oser

tithcier Sauidi .\iai I licese wstid totrnt Ii ,i tspical

,Ainls oicr the I'c-rsuitt (tilf.

I he N\\I( i? slttttittlii iitalssist ioC1 the Reil
Sc(,i i'ersiati (pitt reoi-n for 9 Jutie 1979) (JA-22bi
slits little :hbinyc near the end ti the liret-ntio n

* -I
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(,encra/ 11 calitr I',tfert

Ii It,: ed SC~i PLA1,1i Giii(Ult' Iiti o ies liut to less that)i1/ 'It ii in tlei sour1ce ntgioiis, suchl 3 tia
.1 lk 111,1C i Il l IJ1 I ILek IS C.11iised lit tile "ti0111g, IBasta. flail

tit hlskcst ci Is lo\N *I, I oN (ltic Arab-ian Sea but rather
itleACed h.\ "C0-1~ ClitiMIii ,iss-iid ssiitlile 'Ihle heat lows disappear very rapidtv wvith height
.1t l,1\s \\ Imc cIiisao tI lie soliths est iiioilsooii. I hcse: and give way to high pressure tout incit toiund aloft at

to\ and ;issiiciattd ti tiglis dClc l )xci India, 850 nib. Ibis condition Itivois geiicialv clear skies
P.ki'lan, *\hln'ii.fan. and Saudi Aial-ia vtith with little precipitation.
5 C1110IS Into th: Suid;ii regionitit Attica.

The (01 S-Indian Ocean v'isible picture of thc
'-ullile is a \L-I hot aiid humid tinnc oser tile region onl 15-Junec 1979 (I A-27a) sho%%sthc Nile River

'210n. C"eCIlAl\II ile MnOII AIi. I s Jhu )icLrpitation1 is obscured in the northern Sudan. 1 his indicates the
Iccn e InI thle sliA1ll% \\ateis Ot thle PI'riaii Gull. presence of' dust in the atmlosphere at condition
'Cd s urtact temnperaturecs reach 90 I1 3SJ6 C). Night- which is clearly revealed as a gray shade covering the
inecnln etesa rsl l sih wc tev tr southern half' of the Red Sea in the GOEFS image.

.iu1d tle aboard ship, xs thotit anI conditioiiing, i~s Other than a few clouds in the dust region and in
liidittiwult. southern Saudi Arabia, thle rest ti1 the land area

affected by the heat lows is remarkably and typically
I ILe t~ pical surface pressure and directioil of air clear.

rlsl)Cltll Inl .IIs tIA.-26a and 26b) show% northerl\
%s\ c etendingL doss ii thle entire Red Se'a -FilRI- Te N MC surface streamline analysis (I A-27b)

11his is also the dominant ilckctionl In thle verifies features of* flow similar to that of the mean
PCI 11A ii Gull lecgion C scept tor t lie G nlt (l Oman vs hich conditions ( I A-26b). Northerly flow extends down the

1, uhicct to at greater I ickuenec l vsiids hrn the entire length of* the Red Sea turning to westerly in the
'o~~~~(ulfcIl pl of' Aden. Southwesterly flow from Sudan

converge% with this flow near lokar. D)ust in suspen-
H IM tiit thstscstcrl\ flo()s aeross .1tricI extends sion is reportled at several stations in the Sudan with at

tlugh thle Sudan 'toss aids tile southbern poi tion of' least two locations reporting obscured skies. Note that
:ie ReCd !ea. Ithis hieqUen~tlt, beCOmes StIOngCio~tIgh winds are quite light in this morning analysis (0)900

!k c,,ciate ,and and dusistornus which are then IS.1). -1hle winds would be expected to increase as
ld\ ected Into thle solitherill portioni of the Red Sea dayt ime heating is maximiied in the early afternoon.
II let! thIrough the I Ikar (iap; see Sc. If:, Case 4). Northerly flow is also in evidence over the Persian
OttaxI saised b\ tilie cold down-rinlig air of thunder- Gulf, responding to low pressure over Iran.
-tl il O labowobs) in the Khartlun regionl of* Sudan is

ii caught in this CUrrelit and carried out (iver the
I1td Seca near lokar. tilhe ntorthiern portilrn of the Red

'cris not subject to1 this effect and x isihilities lin that
i )210i arc co rrespondinigly mtueh better.

I lie Persian Gulf is also suibject to dllststiInis
CFguiarl\ raised dur ing the Sumnnier months by strong

itortherly tki nds coniing around the west side (if, low
p'sxlirc user Iran Afghanistan. I he northerly flow
os er thle Persian (Gill. enhanced by a lee trough. aiid
nigh pI essUre to thle northbeast, plus thle topoigraphiceal
features tit tile area tenid to enhanice the northerly flow
heloss 5,1)001 ft. I his results in svhat is knowvn as, thle
-41) dia sha mal Io r great shalmat. mnost commi non]l
'si. Urring Irorn 6-Jurle to 16 .ly(see See. It'. Case 5).
WIiN Of up to 35 kt mnay blow for uip to a %keek at a
tine kiluring this period, though more co~mmionly' in 3
da\ iters als. [-he winds decrease during nighttime
hours over land (fie to radiational cooling but remain
qiIc 'tronlg atPtf at lowk levels,.

A1 ii rnron phcrliicohil is rhe devtelopmnrt ill a
.x. levl noCtuiriIl jet stream vsith a curs nl,,ir 1 2,0001

t I ii ett deveclops olyI t Inder- st ring nocltur nal IlI(m,-
1 clinIlsrsion conditions anid can pose, a Iua/ad to

on tl ake-otl or landing due to extrilnic usind Reference
stw~ir attending the pllenlienon. NOPH I% 19110: Weather in the Indian Ocean to lVatiiiide 30

S and Lolngitude 95' F irclulding thie Rcd Sea and t'ersiai
I lust and sandstormti conditions broiughrt oili by the Gull. Vol 2, Part I. NAV[\VI'RI l)RSCII IAC

xhtrnal eti.Iracteristicallx reduce \visibilitv 1(1 less than -technical Bulletin ','0412, Nastal I-ritnvilital
nt wi ov~er the northern poirtiorn it the Persian Gulf and Predicion Researeli tacilitt. Mlontenus. (atit.. X3 pp -
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EL. 1

Case I Red Sea/ Persian Gulf-
Autumn Transition

Convective Storms During the Autuni Transition

In general, the weather over the Red Sea and northern Arabian
Peninsula has been characteriicd as very uniform with a minimum ot
low-level cloudiness, generally good visibility, light winds, and negligible
rainfall (NEPRF, 1980).

This scenario, however, can be drastically altered during the fall
transition to the northeast monsoon, whenccr an upper-air, trough-
ridge pattern, develops over east Africa and Saudi Arabia. respectively.
Under this motion field, the Red Sea western Saudi Arabian region is
located under a cyclonic flow pattern favorable for deep convective
developments. In particular, the southerly winds around the western
border of the high pressure over Saudi Arabia and the southwesterly
winds along the eastern edge ofthc low pressure over cast Africa combine
to channel southerly low-level flow from cast Africa. across the Red Sea.
and into the Arabian Peninsula. This southerly flow provides ample
moisture for thunderstorm development, creating the potential for
generally disturbed weather conditions.

R eferenceNA IIRI I )9 O W,/alhici ii Ih, In ,Hl ~ .11 t- i I" ,I likd, kil 1,11rd I lit dc i, I .-.-
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Red Sea'/ Pervin Guilf

250 mb Thunderstorm Outbreaks Associated with an Upper-level Divergence Pattern Autumn Transo Cai w I
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[ lie (,( l- N r~ri (4a itti isible pk tIlic fll is rover nirh Africar. well Il it %iriss, and extends-
M'- t (; M I I41 It iNr( sirosts tha~t cotrstetI~ilk (1% t\ northward to the low over the Mt ditkerrarrar. Stirlace
iii i nes over t he Rctdc S d etgi i. I lie handirs ot cHInus reports over western anrd nort hii Saudi Arabia,

debisitifl te ic-licuri cc o crs No ill.N however, do show some shower and rain acti\ ity. with
sturSaui Aabi I is npus tht tereis ir ippr - broken to overcast skies ats Srrggestt-Id hy the satellite

lkt -i trough to fine tiest 05cr- Airtica Ih iesuriLaL picture.
,It camline ariah I sis 00 Gt~(MT ( I B--Xb) Nhotits tire
Imiri ted trough oser tire Sudan extending ito tile lire 700-nib streamline anal\ysis. (I li3-I Ihi, similarly.
MLiierrClaio Imueser.Cl it iswseaker ir ht-lrrie~w (ies riot helpful in providing a synioiitic-selie circulation
lIth-4h). I here are relits ot llkirIIst0oilgestrIs. hill pattern responsible I'r the tietelopnierit of the
(Wi (1tiiirrnier Irs. Sesirlil Stations Milritate duist in cloudiness river the Red Sea and Saudi Arabia. Note.

i-pension east (it the inverted troutgh which idsa he how,%ever, that the low associated ss ith the spiral cloud
iedk to corns cd is t ctisxit\ In tile legiton. vortex near Crete is well defined onl the streamline

analysis. tight anticvclonie flow t\ pities the synoptic
I hec '0t)-rb sr icmlirie antalysis (l 11-9h) shottss at pattern over the Red Sea anti Saudi Arabila. [he

,s clonic center ss hich ideritif ies the Suidan lows. Notre 250-rub st reamliri a riailysis (111-1 ai) shrows thle! trugh
trat part of the eastern periphlery of this circulation T2!ridge R2 configuratiton implied by the satellite
s tiends over the Red Sea. Ilie rid-un iniuie trugli 12 picture. Cloudiness is located dots ristreamn of' the

k \r ends, sithx ard toss rrd the RetiSeaarid appeals ttr trotugh T2 and _just to thle west of the ridge R2.
h,, mos mg Ii phasetss ith the Stdan lowit. II igli pressure
cils (anticvelones) icniain arichoicd to the east tiser Since there is no rndieatioin of- a lowi-lev.el

'sautir Arahia and tro the stest tiser north Ahtica. I lie disturhance to produce thle COLoirirrieSS. it mut be
251-rni hticranflinc ima Issis (I 11-9a) inihiites th(at the concludedi that tire cloudiness is air tipper-level effct
-out hero portion ot -lciog TIhsWnllCI(LZ'l asdb ergence hetsveen the trough T2 arid the
*latiorrarv riser niril Airica. ss hue the northerL'n ritdge R2. Moist tropical air is ads ected arournd the
portion hats progresct .,Ioi\-l easttstard. I lict- ness western periphery tol the Itow-level anticvelone over
troug,_h r2 hats rns ecd caisvward tit posititon 05cr tire Saudi Arabia. Thiis combined ss ith the upper-level

itidisltcrriaircrr A-s suggestedi Iii tue (;01 S- 110w\ as shown inl the NiE [[OSA I water vapor data
Inrirani Ocean \i is ihic picture 1 I 1-8a). tire strca rilitres P ios ides a rich sourrce of' miist ure lou c louid
tie pit(t it e~cion ic rloss ie r (the R et Sea antd Satl i pi iiuct ion is i le nort hero Red Sea anrd Saudi
Ai abia Arabia.

Ihe NIFOSA I isihie p71itur A 1225 (11 NI li[e MI 1:1 OSA[ sisihie pietuie at 1155 Gi MT -

I H-9c) shirts ss idcls- scattered crirvectis t: actisjt I IB- lie) clearly depicts the spiral cloud vortex near
misr the Red Sea and adjacent land areas. _Ihe Crete and the extensive convective activity over the
MITFOSAT water vapor picture at 1355 GiMT northern Arabian Peninstrla. The mIITEOSAT stater
1 H-9d (again show s tie pirirtion oi thre troughs Il and vapor picture (I1B-Il d). depicts the trough T2 ridge

12 ralli \keli. as "cel as tlie ridige RI riser Saudi R2 pattern vecry clearly. It can be seen that the
Arabia. A\n xtratroprcaliliti- to ripper-level sortex is brightest Cltotd forms. indicating deep convsective
'aegesteti b\ the ster vapor dtaa near the base of developments, are located betweeni the trough and the
trough 12rier the Balkans. [ lie cur)ved nioisture band ridge.

\-Inear the northern portion of' the trtugh TI
-dtgrcests [tie presence oii a vorticity center oir cycltonic
xites in that regionir and toiniet, %iti a evelornie

kcenter iti the 254)-nb let ci (I B-9a).

21 October
Ii the 60FiS Indian Ocean sisibie picture acquired

it 1)7004 6%11i ( 11-1110a), heats- cloudiness is depicted
,5cr at brorad area coteririg thre central and northern
Rud Sea, and the northern half of Saudi Arabia. The
estratropical spiral clid vortex rioted previously
I IHt-9d) ot er the Baitkani is also ntiri evrdent to the
si isle (t ara necar Crete. I his cloud vortex

cIlrfIFrat ion Initaes a ri upper-level trough
c \(ernding tibm tre s ortcx siiithittrrd riser Airica. and
lir~e -is that therec is a lostts "hich rtns aroundt the

Owi trorigi ridt orvt an ripper-lest-i ridge
nli-otl ht. the lien ik solid 0MloId Cost-r arich riser

hn Sjrrdi Vrahim \,lre tihat the irr:ii chord
d--lortit-it riecirs hiii ii thiit iigir ltinrg thre
k%- -1, i hirdrisi itlit I tid-e

I hi- utit: stre-rirfintis .rrrarsr (Ii li-lob),,her little
e it-rte ris to Ah thr rh- itat rirmuiricss shoiuld be
'rtrmLtrring oser tlre litherri R.'n Secr ;Ii(nnorrther n
Saudi Arabhia A hi~h pl essinre cell (aiticyclone 4 is
deCpre ted 0Nsr central ~iil \ranhra: ths ricafrst trough r-oliftllucr on~ page' IB-13

I B-8
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I Case 1 continued

I Red Sea/ Persian Gulf
Autumn Transition

Thunderstorm Outbreaks Associated with an
Upper-level Divergence Pattern
Red Seal Northern Arabian Peninsula
19-21 October 1979
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15 October
Ih early o rhoming 0) 1 ( GMI 1) (.01S IidianI streamline analysis at 120) GM I 1l1-Sb) indicates

ockan isible picture( I B-2a) showN iolIted patche, of that the trough TI has progressed eastward. 'whereas
tloudiness over the cential and souttheiu Red Sca, I o the closed low circulation 1 is displaced to zhe
thc southwest, earlk wIoImilg consectisc ati\ts has southeast, but remains over Egypt. Note that a new
de\,loped over the Sudan- hoc\ er, it slhuss nfio trough T2 has moved into the region to the west ofthe
oipianied pattern at this tithc. I he hu ,LicC strcalline area of interest. At 250 nib ( I B-Sa), the trough T1 has
aialy sis for 0600 G II ( I B-2h) depicts gcnerallk clear split: the northern portion has advanced to the east
coI-ditions oer tile [Zed Sea and the niutnhemn Arabian and the southern portion has retrogressed from the
l'vninsula. I hi main circulation feature ucsr cast southern Red Sea to over the western Sudan, with a
Ahfica is the Sudan los. Ihre is i north south corresponding retrogression of the ridge RI to a
elongatcd anticyclonic en culation to the northscsti of position over central Saudi Arabia. Spced divergence
illk Sudain los. \wik articycloiiic floss user tile aloft from tile trough TI to the ridge Rif continues over
.uthd , stern Arahian Peninsula, and an cast % %,.t the Red Sea so that conditions remain favorable for
ittcnted anticsclonic circulation MscI the northln deep convective developments in the region.
N\i hian Sea.

The MI"I-EOSA visible pictuie at 1125 GMT
At upper le\ el,. the 7f0o-b streamlite analsi, hur (IB-Sc) shows nunerous convective clusters covering

I 210)0 ( N1 [( I II-3h1 s, hows a mid-latitude short-s avc tile area from the central Red Sea to the Sudan. In the
,ch ii etecriding soithimard towaird the Sudan, METEOSA" water vapor picture at 1655 iMT

,s hi a cloCd 1ow circulation center 1.1 over Ig~kpt. (I B-5d). the upper-level trough TI can be traced from
ti,.h pressue cells (anticyclones Al and A2) are its location near the Caspian Sea in the north to the
, cktId upstream and doss stream of the closed loss. small vortex near Clete, and then southward across
At 250 mb (I B-3a), the streamline analysis shows a Africa. The water vapor picture shows that the main
•,1l-defincd short-\asc trough TI %shich extends thunderstorm activity lies betwecn tle trough TI over
iorn mid-latitudes ti) the southern bodcr of the Red Atrica and the ridge RI over Saudi Arabia.

sa. Moderate wA ind spced divergence fron the base of Convectis e activity appears to be restricted to the area
ihe ttough to the dov.rstrcam ridie RI is obscr\ed at along and immediately to the west of the ridge axis.
!,is time. I hi, is Liorable I'r incrcasfd serticil Trough 12 is well defined in the water vapor picture, as
lnt ioll at low\cr level over the Sudan and southern is the ridge line R2. It is of interest to note that the
Ref Sea. densc st cloud coer, suggesting deep convective

developnents, also lies bet wecit the trough 12 and the
I he I H LOSA I s iihlc pictur (13-3c) displa\s ridge line R2.

ica,cd consecti\e actis itv in ads :ace of the uppei-
,::el trouugh TI. as cs idenced hy the sea brcc/e cloud

1lne a long tire \cst coast of Saudi Arabia and the
hP ight cluster i't eonvective cloudts user the Suidanl near
tic hebse of- the trough "11 (for comparison, see the
,hcr satellite picture 111-2a). lhe corrcspolding

%lI1 I -OS. AI s\atcr \ apo picture ( IB-3d). show itig
moisture at mid to tipper levels. reseals a broad hand
,I mifsture M-IM extending across Saudi Arabia in
id\anec of tle trough I1 I the dowistream ridge RI is
-Ilo depicted b\ the curvcd moisture hand near the
Pcrsian (ill. The cs cloically cursed hand in the
muoistuire field near the base of the trotgh I' is the
location of t sorticitv maximum associated \\ ith the

(f-mb Ihm, 1,1 o\er ["g.vpt (see IB-3b).

17 October
I hc (()|S Indian Ocean ,,iible picture acquired at

010(I (iM I (I B-4a) indicates that the convective
,nris its has continued to dc\elop ovcr tile central and
-,uthcrn Red andCa i th Srifn reuion. I he surllac
Ti miitnc amklsis. 11 4h) conlirms this corucclise
,nts \%Is sith tinrt, of thuledvrstorrls, r,ril, arid
di, ,ilc. I hew !cprtu of raied dtist user th %estcti
, iti i', pruh.rh! , dh, to thc' gnst' %kind cono ditiojii
ssncitcd ith ti e thillidelrstoril actisitv in tile area.

I ho uppetr leel sircmriline analyses sh ms that tine
trough extcrding lioi the Sidan ti the nortrhen

Arahlln Pemnula is perkistin,: hr s er. somnie of tie
circiulatin features hav changed. lie 70(0-itb cOMIMortw'd Ir nulaeI P-7

111-2
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H Case I continued

IRed Sea/ Persian Gulf
Autumn Transition

Thunderstorm Outbreaks Associated with an
Upper-level Divergence Pattern
Red Seal Northern Arabian Peninsula
23 October 1979
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2 ctolber Inpiirlinl ( nciumiomII he (0)I- lint ( ,.'an isihi' pitii t I Dcep cintccoCedcvise vehpmiIII .,, ii the iilnhcrn
l7.10 (% I ( I It 14.) shOii e the so CI th. L',IIIII Red Seta and S,Ui Aillhi, di ong the pciod o,1
Mlcditerraicaii. Ist oit thc coia,.t ot IcliebanoI. the autunn transition caI 1  ,ilitiipaed under
(loudincss u\iC (t Red ,a.i , id S.amdi Arahi has fhe hholliing coititions
laige'ls, dhip, ith ith units ,t Ic Iutdwli mtis iaii v a. (encalv I.\,ci pic,,,iir o.ci eat
high clouds. Ilhc ,urtacC sticaiIIline analksis ( 1i-14h) Africa in the torm of an IIu.i ted trough
shows pronounced ,idgig WIiOs., the uoithern Red h. Iligher pressure oei Sud, Arabia

t.Sea and Aiahiaii Pcninsili h-t%\cin the hiih prcssurc c. An upper-lesel trough that extends
cells (antic.cloiw'N) \er iotth *\hici and the Persian Iron the NeditUrianeari suthatd oser
Gulf. ] he Sudan loN is tne'r its normal position for east Africa.
this time of the a\ci Notice t hat ithreCii C no i ports ot d An upper-leel ridge mct Saudi Arabia.
rain or shoset , III the rc)'ioni.

2. Under the above conditiois deep convective
On the 700-mitb streamline analysis ( I I- 15h), high developments (thunderstorms) can he expected in

pressure cell,, aniticyclone,,) a also depiceted over the region between the uppcr level trough and just
central Atrici and southern Saudi Ai .bia \,it h ridging to the west of the ridge line
aiross the Red Sea. Ihe e cclonic circulation
asociated ss tlh the Io, near Lebanon also extends as a 3. In the absence of a losh-level disturbance,
trough entering the northern Red Sea. but does not thunderstorm activity is not likely to occur over
extend tuither souLth. The 250-mb streamline analvsis the Red Sea Saudi Arabian legion during the
- I B-15a). tor thc hirst time in this serics, does nit have period of the autumn transtioi %%hen upper-air

* a deep trough extending into Atrica. I he iloms across lloss is straight westerly and unperturbed.
* I the Red Seat and Saudi Arabia is \\citcrly. turning

'gh.h antlic\chI icailv. Irough 12. associated with 4. MF IEOSAl water vapor pittures, or those from
the huts, near [.ebanon. is \\ell to the north so that there other satellites providing similar information, are
is not the typical trough ridge pattern obsered useful for locating upper-leel troughs and ridge
pres iouslv over this region during the deep convective lines. This information can he used to locate the
dcelopuicns,. most probable area for convective development.

overcast skies, and generally disturbed weather
Ihe MEI O) .A I \sater vapor picture (I B-15d) conditions.

shots the % ortex near Lebanon. The moisture pattern
indicates the trough T3 associated with this
diturbance doe, not extend very far to the south.
l'dmpae this picture with the previous water vapor

pctur ( I B-150. in \ hich the moisture patterns depict

a definite south\%ard extension of the trough T2 from
tie vortex. In t water vapor picture (IB-15d),
anticohmonic flo\ s, indicated just to the south of the

ortex, I he water vapor picture also shows that the
next southward trough extension is located well to the
eat over eastern Saudi Arabia and the Persian Gulf.

I B- 14
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Case 5 Red Seal Persian Gulf-
Winter

Jet Aircraft Generated Condensation Trails

A condensation trail (contrail) is a cloud-like streamer observed to
form behind an aircraft flying in clear, cold, humid air (Huschke. 1959).
Contrails form when the water vapor exhaust from the aircraft engine
overbalances the heat added and brings the miXt Lre of ambient air and
exhaust to saturation. The relative humidity in the trail is dependent on
the amount of heat and water added by the exhaust, the ratio of entrained
environmental air to exhaust gas, and the initial pressure, temperature.
and relative humidity of the environment.

Persistent contrails are often observed in satellite imagery. They, are
readily distinguished from clouds in visible imagery because they occur
as thin, straight line segments, often in criss-cross formations where
several aircraft have recently passed across the same area. Contrails are
also observed in infrared imagery, where they appear as distinct white-3 tone (cold temperature) line segments. Sometimes contrails in visible
imagery may degenerate to an anomalous gray shade, or not be apparent
at all, but still be detectable in the infrared (see NTAG Vol. 1, Sec. 2B,
Case 19).

Reference
I-uschke, R. E. (Ed.). 1959: (;/o.iarirriffet'orqr/ii. American Meteorological Society.

Critical temperature graphs have been Attd

computed by Appleman (1451) for relative Pressure PreSSUre Attd
humidities with respect to water of 0. 60.,90. (mb) (1000 ft)
and 100) percent. for temperatures down to 40-- ---- ---- -

80' C.. and for ratio% of enitrainment of,

7188) 1 f rem these graphs one -an deterinie 65
the point, at which contlrails i form and 6
dissipate. If it is desired to know only whether 70 260

or not a visible contrail will form, a much 80-
smpler graph (lC-47a) can hie used. This

graph can be replotted on a Skew T, Log P 10

Diagram for making contrail foirecasts. t0 Rltv uiiy 0,

In use the graph to evalua~te potential060910
contrail formation on a Skew J. Log P 150 -45
Diagram, the trace of the temperature curve 10

on the diagram is related to the "yes-.
possible". or "no" sectors of the graph. I hat 200-4

portion of the temperature curse in the "c Yes Possible No
eclo in icae% tat ontail,%kil frm in the 3

,,no- scor. conitrail will not fet. ad in the 250 -

dee-300 _1
mine bytherelaivehumdo% it he elected

temperature v%. pressure lcesul A* mnuaiLUAS 19f(g)is available fordct~iiled guidanitc 400-
on contrail forcasting for Jet ;iivk iralt-1

500

600 1

References
Air Weather Service. 19(g: 1 Uoic:isting iof aiir-70

craft condensation trail% Air Weather 800IService Manual AWSM 105118I) (Nav 900u iNAVAIR 50-IP-6). Air Wi-:thrr Service. to00
Sctt All). Illinois. 21 pp 10hOtI)*i

Appltmrran. It,. 1953: Ii t i intioit oh _______ _______.-. - --I ~ ~~~ehaiist condenisatioin tril, lis it iiilt wl('$ ( irpli ,Ii relitiv limii. l iiu liif' l iJ l l~llidI iiiiii
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I I January Important (onclusions
I h I)M I' s ishlc 1111e al 0441 iM I I 1(-48a) I. ('onlrails appear in satellite mrigerv as distinct

Nh ,V5s t'o linear an orihtins cloud lines over fihe linear cloud lines.
PeIrsian Gull. A le enpectilon oi the cloud line%
((-49a) identifies hife a, Conitrails. The noithern 2. valuation of upper-air stundings, using
clouditiccxtendml cci tha ha lthehcngthiolfthe standard contrail lorniation procedures. can
I'ersian Gull and displaNs an abrupt change in provide guidance on contrail formation. 'I-his
direction. I his is at' pical ol clouds observed in the free information can be used to dclne potential areas
atmophere. Ihe southein cloud line displays a on satellite imagery where contrails are most
,hadow% on the teriain below. Ihe distance of the likely to be observed.
shadow irom the limld line at tht, {ime of the day is
tspical tf that IrCquCutlx oheti ed oi a cirrus clotid
deck or cumuloninibus citrus dchti, (cilluS spissatus
,hados, in ,isible pictures. so that this clotd line is at
high altitudes,. I lic,c lt'cs adiit Loilt)arison oit the
lo;ation it tile cloud liric, and tile high altitude jet
unltes ONE the area (I -49b) sho\ that the are
defnitel% contrails.

I he upper-air sountdings flo Il)hauan, located on
the uestern side ot the Persian (4ul. for 0000 GM1.
I ('-50a) and 1201) (iM l IC-5 la) can he anal.,/ed for
;iddilltonal cont iato)l of the olnit ion of contrails
oxci the region. I lic contrail formation ptobability
line, has e been plotted on the diagrans,. in accordance
%kith the procedure, described in the AWSM 1)5-100"
publication Isee reference, page WC-47). On the 0000
(iM I sounding 1(-50at. the temperat rc trace
between about 215 tuh and 189 rb. and aboxe about
162 rmh lics in the "x'es" sector. Ibis indicates that
contrail, %%ill be formed by ajet aircraft fII ingat those
lccls On the sounding at 120) (iM (IC-51a),
contrails \%oiuld he expected at all lexels above about
233 mb

I o determine the likelihood of contrail lot mation at
cxcl, x%here the teniperature curve falls \within the

..possible" sector. the relative humidity \alues are
required. I he line on the Skc\ I. Log P I)iagram
,,eparating the ".es" and 'possible" sectors represents
the i', ambient reliti'c humidity (R I), and the line
* s.paratirg the "'possible" and "'no" sectors represents
the 100( ambicnt reltive humidity. I hese Rif values
Mc the minimutir atibient Rif reqtnircd at a particular
pre,,,re temperature level for contrails to form.
SI ing Appheman's technique (see reference. page
(-47). the 'possible" sector can be linearly scaled by

the 6)1; and 9(01 RIt lines. [he procedure is then to
,alciflate the RI! hon the plotted temperature and
diles point rn alucs at a gi en presurefesel and compare
the RI! tibtained tothe R I scale in the poissihlc sector.
It the calculated R I! is greater than the scale R I lor
that lcc. contrail formation can he cxpecrtd.

I hc I)\MSI' xisible picture at 0610 GM I j 1( - 13h)
h'f t 1 fatint. linallr umro fe te ilirv ifte Vilster

,horv t the llcr:,iin (itl. \k hih ctends to tfie north-
and'st *ia beconte idisc tnihl oxcr the land I lie

tortr'iti obvt xd e.i1 her has almoii'st dissipatd I his
tile Iranie oi ds,,ipation of le,, than 1.5 hotrs is
tp',p La Of cOntraill, I he NM( 25 )-bnh anal\,s for
0((i00 (IM I 1('-5,) ind 1200 iM I ( 1('-52h) iidicte
that the displacctri'tit d, ithia t (04) E1 Ii it the cttlrall
hetmcnn the stmcc,sise picttres is in rvasocable
arctiment \%ith the tipper-exel e rnds o\er the re.i n
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Case 1 Red Sea/Persian Gulf-
Spring Transition

Desert Front

During winter and early spring, the polar front, referred to in the
literature (NF .PR F, 1980) as the desert front, is located over the northern
Red Sea region. The desert front is frequently semi-stationary over this
region during blocking periods over Western Europe. During such
situations, mcridional lows to the west and east of the block also tend to
remain stationary. Under these conditions, the desert front may be
strengthened periodically, as northerly flow around the low over the
Balkans on the east side of the block directs surges of polar air southward
into north Africa and the Middle East.

An intensification of the Balkan low or a movement of the low
eastward can rc.ult in the desert front being pushed southward across the
Red Sea, Arabian Peninsula, and the Persian Gulf region. Since merged
polar and subtropical jet-force winds are often found through a deep
layer on the southern portion of the polar low and in the baroclinic zone
above the desert front, severe duststorm conditions may be spawned by
terrain-induced turbulence produced by the jet-force winds coupling
with the iow-level polar surge flow.

Reference
NrIIR! , 1980 W,.-ather in the Indian O.ean to I atitude 30' S and lo ngitude 950 E

tm.hlri.g O1w Red Sea and Pemrsan iuli. Vol. 2, Part I. NAV -NVPREt)RS(HFAC
Ic hnicill lalletin K0-02. Naval Eo ronmental Predi.i,,)n Research Facility.
Mortere.. 'ali , . 3 pp
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I hie N% it fuace ia I,ls t,,i 1 2m.; %I\ I (I l)-3b) Ile (015 Inidian (ecii sisihi, pictuire i (17 to
\%'ais a 1.1ru hligh plce of 11l ok -i \ 'Iern 111ttwpC. G k1 I I 1-5a) pirovides a vic\st 0 the descit it ontal

m ilted hom thle no! titII,l Io11 0 hi.N.t -t ii. OtIt tile clud( s,.stem. The picture oniias that th-:ii is tio
'itt 1,: e I the 11it, 11 tItlk. I I it ,,%' li il titlAt I d large-settle duISsltrin MCI' the Red '-a 01i I'tts1iatt

zh, M~ S i.\editeiri.,,it lil!t. iiil .\rtia. Under Guliff Ithese picture,, cannot be iched utpon. hoseser.
0:.,t pittci l. tile (1- ,It Ifotiit 'Il.~lk i,,e located to(I dtect smaltler scale dust ad'.. tion because, the,

,itic h uotIst al~ kit i~ltuiI i 11 I NH rcsolittii is ittIdILUtqttt t0 dkLct,t sUCh Sllill SCalec
the notaitli tcaitci L fcat tijs.

he VI)-ii1h tii"t'xa H I I'Willg thle the ihtidcltet soltttiott t)\ISI' ,i ill eitiit 1241
[lotl A tile ulescit 1ii. -'iete ilt- petattttue (NI I (ItI )-(will. isses-er. t~ttugray shlade-II i e

Cfl 'Ictoist the It tnlt is !ai iu itl IQ %ck alhime thle Persian (jolt tt hih suggest dust: i sktspeiisiott. Note
0L Ilw N \I %1C -it N intll Is I ) ?2b) l souts a the clarilv of the lagros MIountainis, as opposed to the
tr p.,,ked isctliit it'. !xi he Sliai Penittiml Siirrot1(ittdttt region'.,. I hie CIII It'Stsltls front the fact

k to tile northeast ati..l ,otttiiit (,I thle petuinstiha. that most oht the highercehesations oh the miountains are
hi A-iihs 0 lSo hntS ;I ehised it,% I. over the ,vell abose thre (first and aerosol debris. hle ISP

i 4alls, and a htith 111-11iC Ctiriillihoii over thle inlrard- picture (I t-7a) Lh't ool area S 0utieditins-
V01!I Phi II 'esla. Il hese I" ![oIII It, h.t Ncecu these Via, shadeis) Mecr thlk Persian( lG t,!one 0t hliehn"m

icithatIian ItAures. ilie' W."101 ', Nce the' he attributa~ble to long wa\ c I atdialti from dust in th eC atieea Iens thet 'Iite-t I0 "No IIt tilat \A, nid (I attmosphle re. I owe\ eit the Let I I t hfe Persian (u It'
1 O 60t are ohsersed ,ilirk h Iase ,I thle Balkan land boundaries are not obscttred by this effect

It'., tldituiz thle potia1'l I o!~-te torhilletice indicates that the (Just at this litte i~s not hea~v or
a ad dutstorin ienerat io I lie MNIA !NNOXl-mb flow intense in character. Some sea suirface tenipecrature

(I!, I )-lj. sho%%s inl bett etill the ievecylonie effects appear to be revealed in this picture: in
- tuaito'er, the Iloi theri \ialhii l'eniiisitla. 55 itli lit ilai. an applatent iip%%cltint of :old iktici along

,I~ moiod :rh Av t t, n i ht I\ \k hids itil te i he N01,10h-ri kcoiii of lian and Palkitani extending
teI i a (l I!. east5%ard tramil tile Gfill! of Omnn

lin Ih N \1(' 10tih-ia an thi II I aiic h ir it' -1 he I-NOC 36-hr sturface pait:osis ( I Di) hbased
11ie palm iret (P.IS) andI thtc -ti-itroplieah ct 1(IJ) occurs onl the initial surface analysis (II1 )-8fa), indieates, that

tecar the Sinai l'eniiil. A IL- li k itds d INerge the low pressure is retained oter the Balkan region.
tu. a ustream wth one hitinch turning southward arid that pressure ssill lloerteSnieinihad
Ai1iss tlie Pcrsian (Gill aiid the oither I-ranch turning the northern Red Sea. A wedge of howt pressure is
otirhistad around the Balka itt Stich a strong wind shlo\&i butlding oser the I'eisiai (jolt region. Bhe
-:1iuirat ion poses a stirong potlial for d uIStstormi FNOC 36-hr 500)-mlb prognosis ( I I)-9h1. based onl thle

;!cc.lopiacnt titer thle S iit dese-ri, "it atd-ectiort(it' initial analyrsis (IDl-9a). similarl\, retains anz almost
he dfist soiiitmard over Irail. Irajii i thle Persian stationary anid slightl\ deeper lba oer the Balkans,

a nilwith somewhat lower height contours extending over
Saudi Arabia. A ridge extends nortimsard trom Iraq to

li I h,%11K 1 LOS- I \isihile pic!ire att fIS 155 GN thre northern Caspian Sea. [he flow pattern is such
I -4ti ret eals cloud bani, A 1-AlI which define thle that any' dtust raised over the Syrian desert reaching

it1 -. .ose Ied Vt0 11e 13,ltn toa and thle this upper-level hloit wouldbedetdsothstar
Iit the ii-,i t iot oser thre Sinai to\%ard the Persian Gulf. t he prognosis charts suegest

L i Wtri picatl 1,, knaii irut is observed Some1 slig~ht southa ard movmentn of thre desert front
I n I If dkescf i 1: ant ()e C1eCittrIal Aftrica. I his inito Svria. where duiststorni cotditioitt culd be

C1I'nI'i di inl thle sitlititltaneotis anticipated A vigotous movement of thle iront into
St lu-h.tf 'I ittie' it 1 -4h), ahich Saudi Arajhiwt hoveser. appeats tilket
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%%I sr U N I SrltCe analysr' P, t 12006 (-I (I I)-18~a) so IIIhIi In Ir$aq( wh fich coIfldoserIi Iisly, a ffct (- anId arnd air
inrll'reathai 1.1[the low pressure kcnter 1.1 has mnoved 1rlerlrtiorrs iiithat area. ('onrfirirratiloll of strorrg 'inds

t-.r't\%aid it, tire eastern poitioni ol tire CaspiaIi cr iii this (c'nnaehri ystv hid nai ertice
po fi stnlarr Iliw, corinlres iII hec direcitd dirt plume.

s"milrssard .o ound this ceitci arnd in the region
hectss ciiin Icenter and the high prit.:sure cells to tile Imrportant Conclusions
At -' I lit N %4 surface streainic atial si% ( I I)- I 8h) I S';r IA lt data correlated Withr coileitinal

Is r\klI~oli centel 1A nior tr of thle Persialr (;tilt surface rid upper-.rit nrhsesatiornare required to
-c "Iiili err Iraq wsithI abhiidi it Ic '0 rt 5 of' dust in detect the movemnent of lihe desert front a nd the

rhat tenion Northerly winds art seen totitend to the region arid extent of' dustsi oriri prorductioni.
Kkdc iI~ Sea legronr arnd t11,i1 11r1rrr es'elmicallNy N uiirica Ipi ogiroses and erriveit orral ania lves

.i rrmid a I ougir w h ch crosses Siaudir Ara bra horn) the in themrselv es do not pros idc the required
'ii lthwst ir the northeast. aceuracv or inf'ormation content necessary to

resolve and predlict suchr occuri-rnces.
Ar Nsill 11ih I l)-11)a). a jnarkiiig oft isothermrs

tont irues to he shown in the nothercn Red Sea region. 2. Witter vapor imagery provides useful information
A tronh I I extends f rom at lows wtest of the Caspian on jet sr ream location. Confluence of the PJS with
Seel tk ril curlt ra portion oif tire Red Sea. [hle the STJ can be detected as aI dry (dar k tone) slot iii
!00N I X S5r1-nb flowt field II D- 19b), shows the water vapor imagery.
extension oit westerly mid-latitude f'low into central
Sauini Arabia. as compared to ID[-3at whern the desert 3. GOFS imagery and imagery from other
lini1it Xk,!s ,till well to thle northr. geostatiotrarv satellite systems of similar

resolutioin are inadequate in terms (if resolving
I hie 300(-rubh analysis (IDI-20) continues to show light suspended dust in the atmosphere, readily

,front, ect-tuirce stesterlk winds crossing north of' the detected by higther resolution systems such as
Sinai Peinuii and turning antievelonicaflk into the 1)MSP.
P~ersiani Gulf.

4. Heavy or intense dust in the atmosphere is
I(he N1I I lOSAIl visible picture at 1155 GMrl detectable as a cool or cold area irr DMSP

1 )-2t0h). res eals at kaz\ streak (dust) extending across infrared data wshich will result iii the obscurterent
Saudi Ar ahia in'to southern Iraq, at ['ext degrees south of land-sea boundaries. Light dust in suspension is
nit thle 1lou bOLand position shown in tlie visible picture detectable but does not obscuire land-sea
orf the previous day (IDl-12b). I he MFTEOSAY boundaries.
Ifrareid picture (ID[-2 Ia). shows cooler temperatures

,)( the region from the eastern Mediterranean into 5. Time sections to r Beirt.t Lebanon. and
non f her Satudi Arabia. arid parrticularly over the Danmasctus. Syria. based on R AOB data, are

iiof OnSouthern Iraq. C irrus plurries associated with useful to maintain tor detection of mos ement of
hie 51.1 are seen turning anticyclonically over north the desert front past those locations arid for
"trica. evidence of' strong \kids at low\ elevations that

courld create severe duststorm conditions capable
l-ise plumes and associated mid-tropospheric of affecting operations in the region oser and

wkatcr %apnir are shown in the M ETFOSAT water surrounrdinrg the Persian (full.
%;ipor picture I IDI-2 1 b). Again the area of the merger

I1 the PJS and STJ is shown b\ the dry (dark)i slot on 6. Dust in the atmoisphere oser mountain ranges
* he r~iirtb side of the STJ cirrus. 'lice arkest region in results in subdued contrast in satellite \isible
lie. esrern portion of the image coincides with the imagery thereby providing a irreans ito detect such

c12on %it here contluence of the respective jet streanms is anl effect w-hen compared tio car lier-obtrirred clear
* i'tpriinncd. as shown lit the 3(10-nib analysis sky viewAs.

7. Strong northerly wAinds should be anticipated in
I he I )NSI1 % isihle picture) I If)-22a). appr oxiniately the Red Sea arid Persian (iulf following a

Ii -r Ihour,, prior to the MNI I FOSA I imargery, also soutlissad niovreritfl of the desert froint thr ough
.,iL!s the dust plume eCXteniulitiacrosSaudi ArabiaI that region.
:!~Io snirit hem I raq. [he surface repurts and

'1-anlitics siir inposed on the D M SII image
('ll-2 3a r CIL'at " reCal thle low% ox er southern Iraq.

.,0hert Ow f irplrares Riser ajid neanbi, lakes are seen
hie 'Iho, tred l' the dust phluic. '[he trough

A.-1I ited ws lithe southw ard nlos emrit oft he desert
iit't is ilso cleans defined extending from southern
I -al Into the Ilokar Giap regi of i Suidan. Note the

piercrstug northe!rly "sinds ri the northern Red
'-)In ii tllo-t rg the desert front, pix ing rse to localized
- tis pr 'dut urn in adjacent arvas.

I he corresponding I)N1SI' inhrared picture
I (0-2zhl demonstrates the iniportant capabilit% of
it tee ring tilie dif se r pmntion if* the dulst plume ox cr
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I Case 2 Red Sea/ Persian Gulf--

I Spring Transition :-

Detection of the Descending Qffvhore Branch3 in a Sea Breeze Circulation

The sea breeze circulation has a descending offshore branch hich can
be quite strong at low latitudes, where pressure gradients are gcnerallv
weak and solar insolation very high. As an example, it has Ibecn noted in S
the Netherlands East Indies that pilot balloons blown out to sea in the
upper return current of the sea breeze circulation have been obsered
returning to the coast at sea level in the ]ow-lJe Of onshore flow 1Kimble
and Collaborators. 1946). Fhe implication is that subsidence oftshore
was sufficient to overcome the free lift of the balloons.

I The effect of the subsidence is to warm the air and stabilize the lapse
rate in the descending branch of the sea breeze circulation. Moist haze
droplets arc evaporated or reduced in size by the warming of the air. At
the same time, the ,table !apse rate impedes the dowrqard transfer of
wind momentum to the sea surface so that a profound calming influence
is maintained ill the subsidence region. .:_

The effects of the subsidence are often detected in satellite visible
imagery in one of three distinct patterns: (I .n offshore cloud line may
appear where the subsiding branch of the sea bree circulation.
converges with the prevtiling onshore flow: (2) When a uniform
anomalous gray shade area is observed offshore, a clear channel may be
produced along the coast under the subsiding branch of the ,ca breeze
circulation where moist haze droplets composing the gray shade have
been evaporated: and (3) Sunglint elfuci' mas be observed adjaccnt to thc
coastline. When the coastline is near the primary specular point, brilliant
sunglint will be observed, and sometimes a black strip "ill also bc -. ,
observed as pai of the sunglint pattern. Bloth of these occurrence, the
brilliant sunglint and the black strips indicate a calm sea tat' (N I A6
Vol. I, Scc 2\). .

I "
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I/o ~ ~ ~ ~ h OeiiIi Ciihi~~,, n IStw, ani.c (oIImhion in 41 Sell I' (WU 00-11/11'11

21 NlAi,
41 _I opo i'iph v onl the evi"i ttlai of the Red Sea.

Ow A Iiia munttain ian is ideal tir the

tom iitionti t stting land antd %ta hicc/cs. [hle N NI('

1 I -e 1.scl only light and sim table winds over fihe
central Red Sea region, but by 1200 (iNI [ (1500 [.SI'.

t ll-26d) ecrci% Aind report in the coas~tal Red Seama
tdacsotist:ore flow, 's ith 'pccdN IpI to 20 ki.

:,tigestiingc that itstrong sea brccic is developed.

At 700( mh (IDl-26a), soite 10wloA through the
ccmtia 1 It d Sk-a ecgionI cur% es ant ICclotically a rou nd
I hih p1 c~sure (antie\ elonet centeied over southern
Saudi Arafa ha. Near the suriiicc. lij~ht northw'est winds

;)ze/ Ji i inteLv alsnbt vst p i11o da (ID -26h) indicate the existence of the sea

u\i-I'ccI it\cition is, also apparent based onl this

I h,-I\~ls~l picture tl8I66M ( 11161 SI .
It)27a.O mho, the cenitral Red Sea to he cloud-I ee, as

cctdh% the low hurnid itic- II the ~lidda soutnding.
h1C iseer. anl elon~gatedL bripht area along the

hoecibauc hhiat 'i as Fhe question mnight he asked it this

'li aa toid ht due to aI Iteticd ltindrtit itt

it thean canlm es IIIthtou. lt- a~ddedo

.21 I o 1, th tabiluing intlienee: exerted b\ the:

'sdie in.11ch 01 the Sca hic.' circulationl

Importanit Conus uions
Rgts i, Itibodente islutre associated 55 Ohi

i. almt 'sas itnd hrilliant siinglitt patterns

h-, lta ticol toreta'ier can use intoirmatjitt of this
ts tI it sIccral \A ts. it:I tit] i hg

Iliit hilit\ ito hicatc icgiuots in itis area
.h. tIo sot flid Mid 'Cea breCCA

* it? 1 l ., c
* . 6h \c ottnt lor s anial ot itt localtied

,1 i'Ia dte L'indititins
lit i %kt-es intd dhitctioti in the-

a,hcuc o; ss itoptic repot ts.

II & 26



101 FDA *'ps r \ M NI 14 1 1 Nr I'. nl f t/I n/

P )1 14f %liekme in Ia i re S.,4C diin 11 ofiiir p i. I utuI: in C vi'ool .

*IjIN

t

-04 4P



$11 A I (, )I I I P N'

1 4 '

zrol

1 ' t % 1 % % 1 7



I

I Case 3 Red Seal Persian Gulf-
Spring Transitionj

Land Breeze Detection in Infrared Imagery 4

The land breeze forms during evening hours as a result of differentialH cooling between the land and the sea. IThe temperature of the land drops
very rapidly after sunset, whereas the sea surface temperature drops very
slowly. As an example, uinder ideal radiation conditions with a clear skyI in a 'relatively dry atmosphere. land surfaces may cool as much as
200 300 F (luring the night, whereas the sea surface temperature during
the same period rarely drops more than 0.5" F0F. The density difference
between the air over the land and that over the sea results in a pressure
gradient force directing the movement of the air to the sea, creating the
land breeie. The strength of the land hreie is normally not as intense as
that of the sea breeze. However, in coastal mountainous areas. Cold air

draining down the mountain side acquires a fall velocity which can
reinforce the land breeze. creating strong. gusty conditions. The land
breeze advance over the sea requires compensating subsidence onshore
and rising motion over the sea at the seaward edge of'the land breeze.
which forms a closed cellular-type circulation similar to that of the sea

breeze circulation, but reversed in direction.

Satellite evidence of land breeze effects. as described in the literature.
has been chiefly concerrned with at discussion of the offshore cloud line
observed in visible and infraredl imagery. paraillelling the coastline. I his
cloud line results from speed convergece and upward xertical motionat
the seaxkard limit of the land bineeI. Uinder faivorable circunstanices.
1lowexer. due to 1)MSl3 infrared scnsor %%ater \ ipor absorptionI characteristics, these data can provide details wkhich canl be used to

identify the presence of at laind hrec/c circulation.

II-..

I°°
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, at 1979

21 May
I he I)MSI' vlSiblc pt rur a t C t0Q) ( N1 (I I I1-tO.) Why, then, should a land breec, where cooler air is

\%It acquired iIapllotoiialtch or' hour atller Silllli-e. blowing Irolll tile land to the sa, Iniodlice a walll
.sllrghint is o bse r\c d ctlending ahoi g tile easte rn tcn pe rat rc reading'! I 'he answct it) tiis question
port01ion the i iage the nornmal Ioca tion o stinglint appears to be that tile land hreele air is not only cooler
iii in calk norning I)MSV pass. Ile Red Se.a, than tile air over Ilit- Red Sea hut also ncih dier. I ' v
Irtiore.. i, well Iduos, I ho the s(lriglint area. Ihei air horn alolt" \which has rolled town fro tile

satclhte picture shoss the ridge line of the Al IIlijai mountain side has been introduced into the boundary
Mo untains along the castern shoire of the Red Sea, layer thereby reducing tile total satcr \apor content
bet',eci 15' N and 20'" N. in tile rcgion where tie per urnit volume. With less water Napor iii the land

iaio i:ses %ci\ srcc 'p k frormr sea level. Sonie of tile bree/e region, atrmospherie absorptive eflect, are
inourntain', ill tIhis raulgc have peaks close to 10,000 It; reduced and the infrared sensor recoids fathlfully tile
lie a erage cleation of tire promuinent ridge warmer temperatures oh the actial sea surface.
paral!.lling tile coatline is about 5,001 ft (I )-3 d). Conversely, in the surrounding region sea surface

temperatures are masked by the over-lying water
i he satellite pitture also shows subtropical jet vapor which radiates at a much coolcr temperature.

sticam cirrus o\cr tile northern Red Sea. Willi this characteristic of the low and mid-troposphere.
cloud pattern it Is C01iiinion lto laxi it L11 oh high
PrCssure to the .outho o u eruihern ridAi Arabia. Ire Apparently the Al Hija mountain region is strongly
N 1C 31t-rub anl \,,is lot (000) ( 1 I I II 1-31 b) shows favored for the development of land breezes. Ail
lie subtropical jct slc am r Ocr the notthiin Red Sea. almost identical example is observed on 6 June 1979,

and a high pressure cl' I irser the southern Arabian in tle l)MSP (F-3) infrared picture at 0308 GIMT
Pcninsula. [he cotruponding N MC su face streari- (0608 LSI, I D-33a). Not only does the drying elfcft o0
litre analssi,, I )-3 let shows s ery light winds and clear the land brcee appear south of Jidda but also in a
,k\ condition over the sorrihrn Arabian PLAIIInsula, small region south of the Sinai Peninsula. The effect in ."
in ar nrcrient skith (h ,tC.llite evidence. that region is due to cold dry air drainage from a

coastal mountain basin just south of tire Sinai
Ilii ncitic,lst tadio,oile s ttion on th- '.rsic ii Rcd Peninsula (ID-31d). [he cori\erging effect of air

Sashor cisiddi. nc,rr 21 N..39 1'. [hesuidingat draining down from such a basin would favor
th , 'tation for 00011O GMI G.M l)-31c) rcsea, calm especially strong land breeze conditions. The corre-

,urla'c \%iads arid a surticc-baed in\erion. as tile sponding I)MSP \isible picture (II)-32a) does not
ari ard ln as cooled through ideal radiation pro, ide any evidence ofa land brceie circulation sout Ii
,nditrons during the nighttime lours. (ie might of the Sinai Peninsula or in the southern portion ofthe
.1nticipate trFat under, such cireUstat,, a strong land Red Sea due to suspended dust and hate at lower levels
bicc' e shond dch\clp, parricularl, ri n the srlore rs rI tile region.
tcin rhe Al hilra, Nlountains. Yet little csid'ncc of
, ir,:hi at llct can he obtained from the )1MS11 %isiblc Important Conclusions

pre.tUre. or the sierther analses. I. Entranced infrared data acquircd during early
iorning hours o\er moist tropical regions are

I t I) lSI' infrared picttre for 0325 (IM I usefltl in determining areas exhibiting pro-
ill)- Ia). briso \c;r. %hich is c,.pecially enhanced ti nounced land brecic effects.
pro information on variatiorns in temperature at
ti'c \iarm end of tIre enhancement stalc. giseS strong 2. Such regions. because of reduced irurmidi,"
s idaiicc that a land breele circulation his been should be anticipated to be regions of increased

cta hlishcd along the east coast of the Red Sea low-leel , isibility, and will appear as a warm
iu-.,cct I,tiludt:,, l6 N and 20' N. In this region a region in infrared iriagery (e\en though reduced

i t in (hilack-tond) arca ctending rem roughly 40 to hurnidits is due to cold air drainage).
71 i ni oItlhore is ciers esiident. Oser most oi the
Red S a cooler tteitpcrrtturcs skith a slightly mottled 3. Conca\ c coastal mountain basins or bay areas
i+tpcarrinC are i_.t cr1. Wate,'r raporahsrrptipir had encircled b\ mountains should hase especially
,I ,nt ettect ont th: inIrarcd .. og,:l fir 1)MSP Spac- pronounced land brccic effects.
1It. particularks oii those of the Block 5-1) series

0 - I. I -2. and I-- ). s litich hrad sp'tral handwidths
tr min Irii x to I I n iCtCrs (Se N I A( \'Vi. 2.

Svc 3 V ( ae i

It, irl"ist tropi Ll inor .,ri-itnipil rir ns cs. the
F-;,hlu ",t, ,,r ' ,\crk ihlt t-c;li the irnal featires

itifihrJ h,,te stce.ur li t,)I- utnph. . suchh fatures,
r ;'p,.rrl tii he r.orlpctcls. Ni cke.d..itI the s.,,riaions ol -

lirtra is\ ci the' apirt 5l ai..11+ ar be> atrniitedti>chranges ."

in tie n tir,.tti and i t' n Cl n_ iLIrC it thitisa lrr
%apor iit the attrrosplrcrc rallhc than se, surface
rtmpcituti- ehargc,

II)- +0
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I lhe lth nit'an nioithly .1,l How at 8SO Ih (I -50,) slows a slced
dii\inIum o\ser the ei\trenc northwestern Pesian (ill Giant (1982)

pils out that the Core (if tlhe norphwesterly flow slopes westward With
hcit ! and is still evident in the rmid-troposphere niar Riyadh. some 240
Milk's to the West of tie CI.Sian1 (Gulf (I F-50h).

At night, vcry stalhe conditions develop and little mi.xinp occurs over
the Persian (;ull region. N1.cximni radiational cooling oc-nis oer the
de_',c t under nighIt tnic lca, m v conditions. I nsersions as, stiong as 9' C
pci 5tO It have heen reportcd o% ,r Hahrain ( enbers. I983). I hese
coditcll, drlling the suliier ,hanial ic occasionall, iclatcd to the
de, :,lolpmctt of a noctturxil low-level jet that can Caus c xtreme wind
-,lhx-; in the region Irona t.w hundred feet do\ it to the stace, sIs spceds 0

-------------------- -------- <----------_-L." i -) T '" : -
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Nuddc ijI (K ccase ct i I:ipidlY. [i c potential as ant aircialt nazard
durini lt V landing prOCess" isgicat. and it could also pose a problemi ifan

lDei~t-t~inerit of' the Htaill Oal lkt itppears, to be malximizcd ahout 41,
hours at t u suniset at 2w N (Mcirnhter-N 1983). '1his I ini period has b.:n
ielaIL-d ito an inertial otscillation iio(the ageostroph ic kinmd cornponent of3 >
the toil \s ind, with at periotd equal io the inverse of* t he coriol is parameter
tw &hidt is, laitudc dependentii).

Vk h'at appears to happeli is t hat (luring the daylight hours strong
heating lead,~ to turbulent mixing of thL lower atmosphere. Sea hrce.,e-0
1diuted ild 1(low at losse rI levels is miixed with v\ illds at igher levels

m, wi r ore gcostro i -. this results initially in a resultant sind I
Nio\Nel thaq would have occurred without mixing. At sunset, turbulence
and mwir ctnt .ses. Th'le sta hrc/e or agcostrophic component of' the U >
rL' iU1,t i l d begins to turn cicks iseattupper leel,.s in an inertii Ioscil-
aiim dltue to thecoriolist force. Ahout 4% hours after suniset, at 2& N, the
rigma hi pper-lcvel wind1( a itJ the ageostrophic component become

,ngn. .. md a rapid a celci at ion of' the wvI nd speed occutrs, which
pr-diics.N ifc nocturnal jet. [he mi-xing effect has been calculated to
p roduo nec a % d as -much a,, X0'i stronger than othersN ise wNould have
(C1ICil I l~acgle and Rasr i. 1973). 3

\lemirihr ( 1983) shossan average low-level wind profile (I F-S Ia) for
Blahrain Jt- mrined from 121 ieports from wkide-bodied jets equipped

%k h i nt r ml .*ixigatioui Systenms- (INS) during significant shamnal
Iluthi cik ~S imilar profile., I PSI hI) during shamnal events whlen a

mar, d!~ -Icelinsersion existed (--7" C bet\seen thie surface and a
lcec cit t b~lv I1.000( ft0 shovs thait a d1rop-ofl in speed both aboie anld
heloilith let coreC is much moure rapid in those instances when a marked
ten 'eratuic loxersion is present. [he height of the jet maximum also
drops arpi :ceablv fror ox cv I1.000 ft under norvinversion dominated
sittnat ini *,) as low it.. 600 or 70ti ft, slight k above the top of theI: ::
[iuct Lii na? uiiierision. Ihe -t. md shecar below theicis on the ordierof6 kt
pem liii i It e lI aboe e ii 15 kt per I MOO0 ft used in thle classification of
't.CF crc ci air turbrulencL ')v Nav\ to)recasteri t (AOI & C, 1974).

I !i dc,,k)ii-ient of thec nighttime- inversion is the ke\ element in the
an a thu. nocturnal lx.-c.lje.Ilo\%i exer. the tenipeiat lire and

MIMI ri t'tsIL-51c I(,-.' the strongest sharnal case, oin record (I I .Iint,
doA? tiWe ot ,hom, at .rong iri ersuon. [he %kind profile in this case

,oi*.tw '. -exe mamm,'umn near 1.0 Oi)( t, rathici than near 600 ft is
p'ic~w et.I ushdecribed (ItI -Slbi, and at lack of strongp shear abox e thatIs .

tin li.: tie i,octiurnal ;it iN not ocurring in this ease.

* int K. . 1 the Jiii% 111"t !1r'1 P1,TrC ostr the Middle f .i't AM. Ahp!,sine. MI.

1tnhui t) S t 191: tm 'v %cl %tn(' rroflk. diiring [he C.iO shairnat. tarl/ur. 31.

Pat-irI an (.F Rach,1973- 1 hree tinsionat chdracienoics ol dtirnailk aiyzr~g

Mt A 1. 914. Aerographer", Malc I & (.N'T 1t) 1 R~ A 10362-H 6511 pp1*
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Case 5 Red Seal Persian Guf-
Suininer

Summer Shamial over the Persian Gulf

From late May through mid-July persistent, moderately strong low-
level northwesterly, winds are observed over the northern and western
Persian Gjulf region, Locally this wind phenomenon is known as the
40-day sharnal and is essentially a part of the southwest monsoon
circulation. It results from the Persian Gjulf region being under the
influence of the thermnal low that forms each spring over Pakistan and
Afghanistan. The northerly flow over the western Persian (Gulf is
enhanced bv a lee trough to the west of the Zagros Mountains, which
border (on the eastern Persian Gulf'. The combination of a semi-
permanent high pressure cell over northern Saudi Arabia, the thermal
low, lee trough, and topographic features of the area tend to enhance the
northerly flow below 5,000 ft.

'The summier shamnal is ri strong during the daytimne, but typically
decreases, at night ovter lan' ,cal duststorms lend to develop daily over
southern Iraq and Kuwait L. diminish during the night. This is related
to the typical unstable desert region cLonditions associated with the strong
daytime heating which leads to a thoroughl% mixed lower atmosphere.
[h'le summer shamal is basically a-cloud-free teattire."I here is no 1lowk of
cold air over the Persian Gulf.-as in the winter shamah therefore no low-
level cloudN are likely to form. oTer existence of low-leel dust plues
over sulthern Iraq and Kuaim . hox,%ever, oul he an indicator of an
active summer sheial.
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I-; Julie
* Ili h4 )\ISI',, 4l p ll)4 vi'.' 4'it, I III 4.."IsI 1hl'4ut.'Ii I I,,,- tall.': utide a sti44tig lis le l

all4 cartIN iiionit 11v p )OsIM 1) 1 1 the I Re %d Sxi:, temjperature li4\er>'(n pick up speed diii'tc the venturi
* . ,eiuri. ) 1ens 1 1l- t45-r5 ihL 11,tt IIA lidi tlit, I\d cited. laisilig dust in the piocco s ili is ailve:cd ouit

a 5 l1iC Al lilt;; ,Wi.,i Iun. IIiA'!.[ koie Ih II cli i 45ct (lie Red s, 11. (I ihis ibis, I-0 ki soill',ll wind&,
* ast list" >,Ieepi' 44t mIll- shot, i l. ovd II ILet !h I seic 44h'.i\,-d iwoi loa 4iki t tilttl- ii-h lesel at 1200

- ~ ~ ~ ~ l I .t'.,'4 saln t:Ie, 4.44 I 4.4lc 11" it-1 111" ill I (11 NI wti.15. nt h o\n 51 . Krilshi ntirii.
ti it54.1 O W i \IC l il l

4
CIIItI '4 I 44I It( It 1:. d 19)79).

ii hoindlrii of1 ilt 1a111i o!444I~i' 4 thlt
Iliiiinaat i~iie b.1tId.isci ilIl: 11) h'1, 0-' Important Conlusions

*piture. HomeN\'! -Iit the C )N1Sl' iline11d pu' t, 1n . 1II leI kar Gap is a pteteetc-d route for dust
1: [-4 la). th lide e I 5tiil 44 a od iIdSctiointo10 thle ceiitrail and1( '.'4tlicif ce Sit.

4i1.4so ~utliC44t oiriented ltie 54p~ir.Iilteg Itiv
* .~mryto r land all) ag the cowas Ira i 44 ri aid L.41(1 Cr 2. Quaitat ive en ttpa risil is of sat ell ite \is ible and

aind tt he cast. I hedark tones (4'ci the 'soutliet n Rd infrared igroi arc tiscltil tin deter mini ng relativ e
Sea jindicate that the dJust is tluiurloi 0%L'l (tis aura as sCverlls of' dtiststarntl conditions.
compared it) thle lighlt-tonecd aiatllt: ei4l4uh\vC5L( [he
,.ld area is ani citedt at i(4ng-\%xac iadinilii fr44ir dw~t 1)Dust plumecs enmerginig froim the lFikar Gap may
L44 rCLI to mlid-tropospheric levels ind debtis tii indicate strong soiuthwecst,.rlv s \iiids.

- iescti Sc actis it\ along thle eastern shore. I hie
ct4ii\ eel le actixitv is reaidily identitied in the Nisible
pictutre II 1-42a). and tlie dense (Juist hand covers the
Ilokar Gap regiont. .Noate thle nttmet4)OUS cons ect ive
Complexes that sbo\% shadosss Idark, areas) to the mst s,

*alav fromt the sun ti this earls morning picture.

.A streamihne analysis based- ol Ill, 06001 GMT
*suitace tibserv~ationls is snpe:rimpos.,ed onl the 1)MSP

kihte picture at 0)330 G Ml ( I E-44a) to show the tlow
field as er thec sauthernl half of the Red Sea. Note: that
nihlerlN minds are located over the northern portion

f the Red Sea. arnd that southly flow through the
- I okar (tap turns antics elonieall\ 'outhward ovler thle
* souithern Red Sea. I his flow pattern confities the dust

to thle southern Red Sea and shows t hat southerly
- vminds ate, responsible tor the dense dutst band

emiergii fro4m thle lokar Giap. Numerous stattons
report susIpended dust or a dttsistorm itt pogress ox r
the Sudan.

19 JIune
- I hie DI) iSI visible pect-ire ait 035 1 GM F I1 E-45a)

shol~ that dJust in suspenision eons rt liesouthern Red
Sea to a mtuch leN-ei degre: tin this day. Ihe lukar
(fil is clearly discerttible in this picture. Note how
cle:ans tie Al Hioa/ mouitntatn range appears along tie

* eastern coast line of the ttort!"Irl4 half of tile Red Sea.
Irhe streamline anal~ sis superimposed on thle DMSI'
% sihie picture at 0)35 1 G M F I L-46at depicts wind

flow patterns oiler the Suidan id the southern halt at
the Red Sea similar to thiat ont the 15 J~une D)MSP1
%isible picture (i[-44it) Otl this day the main
consectise aetis itS' is el i the south, and suirface:
obserlations show dUststornis in progress ssith
tsibilities (if less than I' Itmiles. -Againi !he liv%4 pattern

* ~toilines the dust tol th- owhot brn half ot thle Red Sea
* region.

20 June
I he DI)SP l isible picture at )11 G %Il FI F-47a) Refiewce

* shows a prominent dutst plume cemerging front the Krishnamuru. T. N.. P. Ardanu,,. Y. Ranianathan. and R.
I Akar Giap ;ind spicadvivt cot i &iO ateb aser the Red Pamch. 1~99 Quick look stittuter MONIX atlas, part 11.

k''*i I li' v 4 iii't4idiks.inirte tit .a I via Gp Pic onset phase. I-St. cportl No, 79-' Houida State
!,1-' 14 itii p-(1 kct-o h% Hl'4 v fits lill irds tunneling LUniversitv, 'I alahas~e. I' orida. 205 pp
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(Case 4 Red Seal Persian Gulf-
Summer

IJIstiAorn.v over the Southern Red Sea

An unstable atmosnhere is necessary before dluststorms can develop.
Under such conditio, , dust raised at the Sni lace is lifted vertically to
altitudes where stronger winds exist, permitting advection long distances
downwind. Ia the southern half of the Red Sea, the maximum frequency
of duststornis is during the summer months A hen convectively unstable
air reaches the Red Sea region as part of the southwest monsoon flow
from equatorial latitudes. 'The lYokar Gap is a southwest to northeast
oriented xaflev that opens onto the western shore of the Red Sea
I E-4 Ia). 1)UIing the southwest monsoon, winds funneling through this

v'alley Pick uip speed dlue to the Venturi effect, and raise dust in the process
which is advected out over the Red Sea. Dust may also be generated by
local convect ive activity (haboohs) over the desei t and be advected by the
prevailini! southwesterly winds through the I okar Gap. Over the Red
Sea, the flew tends to turn anticvclonicall- so that the entire southern
portion of the Red Sea is affected by t he dust. From an operational point
of view, it is important to recognize that air to ground visibility in dust-
storms is generally a small fraction of the surface reported horizontal
visibility, therefore it may not be possible to pick out an airfield from
above, even when reported horizontal surface isibility is three miles or
mflore.
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25 .Iimit
IhIe I )NIw1 N Iibilc pietuie at 031l2 (IM I (I -52a) 3 I-oIecasters Shld he alcite-d 14) thir p33w~hilits Of

JlI33V,' a Pl~g' --tite dLltst3 ill gI'3(iatedl by .i sillicl Ntrillg lo'A%-lc\.e 55 iid Shcai. plificiiig ,c\CIC
\hanial AIt this lttlle thle p'lilinai (first soiiircku is oser cleatr ,ir turbulecet at 13eisiaii (itill lcallwl
ssestcrn Itan 1);mt is ASO apparenlt ill cenitrail liatq diii uSummer niellttillie lillis "vlheneser a
\%C; lice ',ri lIceatures. lake., etc.. are o3b~cured: as inikcd133-JCV ltel u ~ill C\111,

- \CII135(I 1 ciiliilSaui A~ib~t;and m cr t le central
* 33rplli ot tf hel Red Sea. I hie Pi'esiall tilf is totaill',

0rsciirc'l h'. du lst. Ihle N N1(, I'face sIIlreiI Ilue

(eportS ol 'uspliidcd oust5 no(1th Of tile I':lsiiiii Gull.
alone L a,: Stations of the P'ersiani Guilf. and
.s estxsi t~ thc 1 leed Sea. I he clock,%kisettirIin-~of the
auspendcd du.,t is corroborated lls 1 hi 850-mb 5% ifld

pattern (iut Slloskii see kriniirtu. 1979) wshich
s!1051 5 an1 a:31(c1 edome flosi, pattern o, er thre reL'on

xi S0-kt luklthecrl\ winds at( Kuwait. I lie surface to
Si0-wmh ss ini , tidit ions at D)hahran ( I -53a 1. for tho
prirod froim 2D 000 (IM I to 26, 000)0 (iN-I Fshow
that strongO \N ii ds persisted throughout thle period and
that a rhtml ajlet appears in evidence on the 0000
GM NI I Iniht t ine I dat a. I his condition closely

*resemhl-les the nocturnal kt pr Oftie (I E-53b) described
by %Ieuiibers I 1981).

WVith the Summner shanial being an extrerncl\
persistent fe:ature-. the forcasting of1 the development
of the n1oetlrialu low-Iec jet maty be the most critical
issue. Onec canl be sure that it \% ill not Occur "~hen night-
ltme surface winds5 are strong, imiplying the lack of it

l lelinsersion. Combining the use of, satellite
iacerx to' monitor the dust plumec aetis tv ss ith

- ~cins ent ioiial surface and ulpper-air Observations will
pros ide the information needed to forecast noclturnal

* ~ ~ .i-t eerilS B\ keeping at recoit) Of thle surfactepr
Satlures as, the night progresses and comparing these

* ss th an after ioon ( 1200 GM I) sounding, one can
dllterni ite \s hcn a strong noctui af surface inversion is
desclo p og anad hence lie likelihood of ajet f'Orrnit )

* ,iioit in the eveningi.

* lrnImportant Conclusions
1 . 1 lie umIIeIILr shiamal (foes not produce a cloud

si eiiit ure adil. thlerefore is not cloarly indicated by
ci, udi lintes in satellite imager%.

2 I ocal as ss cl is large-scale duststorijis" are daily
C tsover the land areas north of thle Persian1

Gulf. Iraq. and Kussait dulring tile summer
slanial. and these esents are es denit in Satellite

N ighttimne ,trong t~-ls e m eperature

iris erSain tend to folirn isci tile idesert areas,
durri, the: stimmer. A nwnrilal low jet pile
sit , th. corc near 600 to1 70'0 h deselops tinder

N!i11i11ner shaiaal conditions *mlit ,,rouig stirfie

I I It-: ntitirnal Jet teiids to dCeselop Under Reference
in literate Slimmer sniarnal econdition%, rallher thien Krisfinamutto. t N_ 1. \rdaniu\ Y '. Ramianlithan. and R
UIii: d ioi0tig condlitions ss heeice han aI in ~iinir g ii'a'c. 1479 Qiuick look tuilmn- M 1)5 X a tlas. part It,
tel"S to s presenlt the t ornilat ion of' it loss\-level t he onsel phase. IS St epoli No) 79-5. Flu: ida State
im (-!,Jon. UmsJiiii its - lfahlassme Honda, 2115 pp,
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